The possible positive impact of aromas of plant essential oils is an area with a long history and one that is receiving increasing interest from modern science. Previous research has demonstrated beneficial effects of acute exposure on a range of variables. The current study set out to investigate for the first time whether extended exposure to the aroma of peppermint essential oil could provide benefits to healthy young adults. One hundred participants were randomly assigned to either wear a peppermint infused non-transdermal skin patch or a blank patch, for a period of six hours during which time they went about their normal daily routine. Cognitive and mood assessments were completed and a multivariate analysis of variance indicated a significant difference to exist between the two groups when all variables were analysed together. Further analyses on the individual variables revealed small to medium positive effects of peppermint aroma on aspects of memory and attention and feelings of subjective alertness. These findings add to a growing body of evidence that suggests aroma of peppermint essential oil may act as a positive and easy intervention delivering beneficial objective and subjective outcomes. The findings are discussed in terms of putative mechanisms that might underpin the effects with a focus on possible pharmacological influences.
perfume and household products. As is the case for many herbs, Peppermint has a well-documented history of use as a therapeutic and life enhancing plant. Furthermore, many of these applications are still recognised today, and the some of the pharmacology that underpins them has been identified; see McKay and Blumberg [1] for a review. The administration of peppermint is not limited to oral preparations however. The extraction of plant essential oils provides the opportunity to deliver aromas as possible therapeutics, following the age old tradition of aromatherapy [2] . Studies have demonstrated the positive impact of peppermint aroma on postoperative nausea following c-section [3] , stress [4] , and nasal congestion [5] .
In recent years, a small body of research has also delivered scientific investigations into the effects of peppermint aroma on a number of non-therapeutic variables, such as its limiting effects on daytime sleepiness [6] . Mahachandra and Garnaby [7] suggest that the stimulating properties of peppermint aroma might be utilised in in-car fragrance dispersal units to reduce driver sleepiness and have a positive impact on associated vehicle accidents. This proposal is supported by evidence that peppermint aroma improved performance in sleep deprived drivers to unexpected situations in a simulation experiment [8] . In the field of sport and exercise the inhalation of peppermint aroma has been demonstrated to increase in running speed, hand grip strength, and number of push-ups, but not to impact upon on skill related tasks [9] . However, a later study found no effect of peppermint aroma on the physiological parameters: oxygen consumption, minute ventilation or respiratory exchange ratio during acute exercise [10] . Basevitch et al. [11] published data suggesting that any impact on performance measures may be a consequence of the aromas effect on psychological rather than physiological variables. This contention is further supported by a study that reported decreased anxiety levels and improved performance (accuracy and consistency) on a dart throwing task for participants in a peppermint aroma condition [12] .
Considering psychological effects further, McCombs, Raudenbush, Bova, and Sappington [13] found that peppermint aroma delivered an experience of less mental demand, perceived effort, and anxiety during video game play that also displayed better performance compared to a no aroma control condition. A study into economic problem solving and decision making demonstrated that peppermint aroma improved participants overall mood during the task and the authors argue this delivered better results on the economic task [14] . In terms of underlying cognitive operations Moss, Hewitt, Moss, and Wesnes [15] investigated the acute impact of exposure to peppermint aroma compared to that of ylang-ylang and a no aroma control. Peppermint aroma was found to positively impact on accuracy of long-term memory compared to both ylang-ylang and no aroma conditions. A number of other differences were found between the two aroma conditions but not between peppermint and no aroma. In terms of mood, peppermint also produced a small increase in alertness, although this was not in cognitive performance when administered orally [16] . It is possible that similar mechanisms may underpin aroma based effects of peppermint, as previously suggested for sage [17] and rosemary [18] .
There is an increasingly growing market for aroma-based products designed for day-long or regular prolonged use, but evidence of beneficial effects is currently sparse. Morris [19] reported reductions in anger-frustration and negative responses about the future in healthy participants following a 14-day lavender bath intervention compared to controls, and suggest further investigation is warranted. More recently, an over-the-counter aromatherapy device was found to reduce postoperative nausea over a 24-hour period [20] . The current study aimed to extend our knowledge of the potential impact of extended exposure to low levels of peppermint essential oil aroma on mood and cognition in healthy adults.
Method

Design
A single factor independent groups design was employed. The independent variable was the presence or absence of peppermint essential oil aroma applied to a patch worn by the participants. The dependent variables were cognitive performance measures: word recall, prospective memory, verbal fluency and letter cancellation, and subjective mood.
Participants
One hundred participants were recruited via poster adverts and each was paid £10 each for taking part in the study. All [participants completed a standard health screen questionnaire and none were excluded on this basis. The peppermint aroma group consisted of 23 males (mean age = 25.09 years, SD = 8.53) and 27 females (mean age = 27.37 years, SD = 11.04). The no aroma control group consisted of 27 males (mean age = 28.00 years, SD = 11.08) and 23 females (mean age = 26.00 years, SD = 9.57).
Materials
Aroma Patches
Blank and peppermint infused aroma patches were sourced from Bioesse Technologies LLC, Minnetonka, USA and applied in accordance with the manufacturer's instructions.
Cognitive Tasks
Word Recall-Fifteen words were presented one at a time on a computer American Journal of Plant Sciences screen. Each word had a screen duration of one second and each word was separated by a two-second blank screen. Immediate word recall was assessed immediately after the presentation. Delayed word recall was assessed when participants returned to the lab for the second visit.
Prospective Memory-Time based prospective memory was assessed by giving participants a time at which to text the researcher to confirm that they were returning for the second (afternoon) session. The length of time in minutes that the participant deviated from the agreed time provided a measure of error in this variable. Event based prospective memory was assessed by giving participants an envelope in the morning session and asking them to give it back to the researcher just before completing the mood scales in the afternoon session. Participants who returned the envelope spontaneously at the appropriate stage of the procedure received a score of 2, those who handed it over at the wrong point or handed it over following a prompt received a score of 1. Any participant who failed to bring the envelope with them or didn't return it until asked to do so at the very end of the session received zero.
Letter Cancellation-A sheet of A4 paper with 26 printed rows of lower case letters was produced. Each row contained 15 letters. A total of 34 letter "e" were present amongst the stimuli letters and these constituted the target letter. Participants were required to scan the sheet and strike though with a pencil as many instances of the target letter as they could in 30 seconds. The total number of correct targets detected being the dependent variable. Piloting of the task ensured that no one would complete the task fully before the time limit elapsed. Verbal Fluency-Participants were required to write down as many words as they could beginning with the letter "S". A time limit of one-minute was placed on the test. Verbal fluency is considered to be a reliable assessment of executive functioning [21] . 
Mood Measures
Procedure
Participants were required to attend the lab at two points on the same day. The first session took place between 9:00 and 10:00am, with individual participant appointments determined by mutual convenience. The second session was determined as six hours after the morning session. On arrival at the lab participants were fully informed about the aims of the study, and consent obtained.
The mood scales were then completed, and the aroma patch applied. Participants were not told which condition they were in, although those in the peppermint condition would have been aware of the aroma. Participants were then given the instructions for the prospective memory tasks to read and any questions answered. Five minutes after the application of the patch, the immediate word recall task was completed. Participants were then free to leave the lab and continue their normal daily activities before returning to the lab in the afternoon between 3:00 and 4:00pm. On returning to the lab, participants completed the delayed word recall, letter cancellation, and verbal fluency tasks, and performance on the prospective memory tasks recorded. Finally, the mood scales were completed prior to the aroma patches being removed and participants debriefed.
The study gained full ethical approval from the Department of Psychology ethics committee at Northumbria University, UK, prior to the start of testing.
Results
Due to the large number of dependent variables, data were analysed initially via a one way multivariate analysis of variance (Manova) in order to identify if a global difference existed between the conditions. The analysis revealed a significant difference to exist between the two conditions for the combined dependent variables Wilks' Lambda = 0.832, F(9,90) = 2.025, p = 0.045, partial Eta squared = 0.168. Cohen [22] rather than statistical significance as the large number of dependent variables means Bonferroni correction will lead anything with a p value of greater than .005 to be deemed non-significant. Descriptive statistics for all dependent variables are presented in Table 1 .
Consideration of the individual dependent variables is made on the basis of effect size conventions as established by
Discussion
The results of this study demonstrate the potential for extended low-level exposure to the aroma of peppermint essential oil to impact on cognition and mood in healthy young adults. Small to medium effect sizes (based on Cohen's criteria) in favour of peppermint aroma were found for immediate and delayed word recall, event-based prospective memory and letter cancellation. In addition, a medium sized effect was found for the increase in the subjective mood measure of alertness.
With regard to the impact on memory performance, previous research [15] identified smaller benefits from acute exposure to peppermint on immediate word recall (d = 0.23) and delayed word recall (d = 0.26) than those observed here. A small positive effect (d = 0.20) has also been reported for a non-verbal memory task under conditions of acute peppermint aroma exposure [23] . The findings of the current study suggest therefore that duration of exposure may be an important factor in terms of beneficial outcomes in long term memory. Considering prospective memory, small beneficial effects of acute peppermint aroma exposure have been found for both "time based" and "event based" measures assessed using the Camprompt test [24] . The results reported here are consistent with these and suggest no added benefit of extended exposure. However, it is worth noting that the prospective memory tasks employed here-although fewer in number-do perhaps possess greater ecological validity than the lab-based Camprompt assessment, and require participants to do something based on an "event" or "time" some hours later when they are not in the lab. It may be that the prospective memory tasks used here are more difficult than the lab based ones, and as such do not generate differences in effect in response to extended exposure of the size observed for the long term memory tasks.
The impact on the letter cancellation task reported here suggests improved attentional processing following extended exposure to peppermint. The effect size (d) of 0.49 is considerably larger than the 0.18 found for the speed of attention factor previously under conditions of acute exposure [15] . Although the different nature of the tasks may contribute to this difference to some extent, the potential differential impact of extended versus acute exposure must again be considered seriously. Furthermore, the recorded increase in the subjective measure of alertness here coincides with the improved performance on the attention based letter cancellation task. The positive impact of peppermint aroma on measures of attention have also been reported elsewhere. Barker et al. [23] reported a large effect size (d = 0.8) on a clerical task requiring high levels of at-tention when completed under peppermint aroma exposure compared to a no aroma control. The authors suggest this is a consequence of increased physiological arousal producing increased awareness and attention to detail, although no measures of physiology or subjective mood were recorded. Norrish and Dwyer [6] investigated the effects of peppermint aroma on an objective measure of daytime sleepiness-the Pupillary Unrest Index-and found a very large effect (d = 1.6) in favour of peppermint aroma when compared to no aroma over an 11-minute recording period. This has been further reinforced by the measurement of subjective state during driving simulations where peppermint produced increases in alertness and reductions in perceptions of demand and fatigue [25] .
However, although the authors state that measures of cognitive performance were assessed, only a subjective evaluation of performance is presented. The lack of any observable effect for this measure is difficult to meaningfully compare with objective measures of the kind reported for the current study. McCombs et al. [13] evaluated the effect of peppermint aroma on video game performance alongside measures of both subjective and objective arousal. The results indicate that improved game performance was delivered and that this was associated with less subjective demand, effort and anxiety, and greater physiological arousal.
In terms of mechanisms, the impact of peppermint on subjective alertness mediating the effects on cognition has face value but doesn't always hold to close scrutiny. Powell and Moss [24] found no impact on subjective mood in the study where improvements in prospective memory were observed, and no correlation exists between alertness and performance in the data of Moss et al. [15] . Other studies have often implied changes in arousal or alertness to underpin improvements in performance without actually measuring physiological state or subjective mood e.g. Barker et al. [23] , or taken a subjective proxy of performance when mood is measured [25] . As a consequence further avenues need to be explored.
Doi et al. [26] provide evidence from a small-scale study indicating the impact of peppermint on haemodynamic measurements using multi-channel near infra-red spectroscopy (NIRS). Compared to no aroma controls they report peppermint as having a large impact that appears quickly and that is maintained for some time following the removal of the aroma. Although no measures of cognition were included in the study the changes reported for the haemodynamic measures coincide with those observed for oral administration of rosemary where associated improvements on cognition were also reported [27] . It may be therefore that improved cognitive performance is a consequence of increased delivery of glucose and oxygen at times of high demand. Similar effects have been noted by supplementation of these metabolic fuels previously [28] [29] . However, the low level extended exposure to peppermint aroma in the current study may seem unlikely to exert the same effects on haemodynamics as the acute effects cited above, although Obrig et al. [30] provide NIRS data that suggest neurovascular coupling is exhibited in healthy adults. Changes may occur and be enhanced by peppermint via a demand-based mechanism. American Journal of Plant Sciences A final mechanism that should be considered is one that is pharmacologically based. Rohloff [31] reported on the monoterpene composition of peppermint essential oil and identified 1,8-cineole as the compound in greatest concentration. This may be of particular interest as the compound has been demonstrated to act as an acetylcholinesterase inhibitor [32] [33] . Such a process is the foundation of most drugs designed to counter cognitive decline [34] . Furthermore, serum levels of 1,8-cineole following exposure to rosemary aroma have been shown to correlate with animal activity [35] and cognitive performance in humans [18] . Although not assessed in the current study it might be the case that continuous low level exposure to peppermint aroma delivers increased 1,8-cineole that may have an impact at a neurochemical level. A recent study employing functional magnetic resonance imaging (fMRI) revealed that transdermal application of 1,8 cineole increased activation in a number of brain areas and reduced the number of errors in a working memory task [36] . However, no such effect was found for inhalation. This final observation may appear discouraging in relation to the proposal of a pharmacological mechanism, but the fact that pure 1,8-cineole was chosen as the treatment might be important here. Other components of essential oils-in the case of peppermint menthol and menthone among others-have also been demonstrated to have pharmacological actions [37] [38] , and it may be that a synergistic activity is required to deliver maximum benefits; 1,8-cineole alone may be necessary but not sufficient.
Conclusion
To conclude, the current study adds to the growing body of evidence that the aromas of essential oils can impact on human cognition and mood in the healthy population. Importantly, this is the first time that extended low-level exposure to peppermint aroma has been assessed on a wide range of variables and as such the findings should be treated as preliminary. There is still considerable work to be done to clearly identify mechanisms of action and potential remedial applications through a lens of well-designed scientific rigour. However, small steps and the accumulation of evidence provide the encouragement for future work to be undertaken.
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